Abstract Methodologies for protein re-structuring have been developed enabling site specific side chain modification to either coded or non-coded residues.
Re-structuring of proteins -protein engineering-can be achieved either through the information system (genetic engineering) or directly by chemical means.
The latter methodology is of recent origin and has demonstrated that even i n complex enzymes, site specif i c changes could be accomplished.
Whilst much progress has to be made to reach the present versatility of genetic engineering, the chemical approach holds sufficient promise with respect to alteration of peptides and hormones and for the introduction of non-coded amino acid side chains (ref.1).
The problems pertaining to admixture of protein by-products inherent i n the genetic engineering methodology and superior economical prospects are added incentives to the chemical approach.
The power and potential of the chemical methodology finds illustration i n recent examples with papain, chymotrypsin and subtilisin (ref .
2).
The genetic code, incorporating information relating to the profile of the side chains of amino acids that are of relevance to our endeavours, is presented i n Table 1 .
In view of the fact that an infinite number of c1 -amino acid structures a r e possible and that over seven hundred such compounds exist i n Nature ( r e f . 3 ) , the choice of 2 0 amino acids i n the code complement i s of structural significance.
Further, i n spite of the immense diversity of the living systems, the fidelity of the code is maintained.
We have scrutinized the code from diverse perspectives to provide useful leads. Table 1 shows that the amino group of lysine-the only coded amino acid that carries a basic residue-is placed farthest from the peptide backbone.
A logical explanation would be that any lesser spacing would either make activation and consequent loading on the t R N A impossible a s a result of lactam formation, or that the proteins arising from incorporation of such u n i t s be destabilized because of intramolecular cyclization .
Our finding (ref.4) of the spontaneous cyclization of the chain shortened analog of lysine, generated from N-protected glutamine esters (Scheme 1 1, provided proof to the effect that such analogs can not be supported on t R N A . Of relevance is the demonstration that such u n i t s generated from glutamine precursors, i n a peptide environment, are quite stable. thus makine it Dossible to transform the neutral Gln side chain to the basic -y-aminoethyl u n i t i n proteins. Another of Asn peptides, under conditions where Scheme 1 ) .
Scheme 1
(1) O u r recent studies have shown that the above reactivity difference between Gln and Asn is also found i n the side chain methyl esters of G l u and Asp, which also differ by a single methylene spacer (Table 1 ) .
Coded amino acids that have one or more spacer methylenes can be represented a s R-Ala (excepting proline!).
This family has 1 5 members or 7 5 % of the code complement.
Thus, Ala transfer from chiron from Ser appeared attractive for the generation of coded amino acid side chains i n a peptide environment.
The feasibility of t h i s approach has been demonstrated with the chemical simulation of the transformation of Ser to Ala, Asp and Cys, that takes place i n bacteria (Scheme 2 ) .
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Side chain alteration along the metabolic pathway would be a good lead to useful proteins having non-coded amino acid residues.
Here, His would emerge as the first choice since its oxidative degradation follows a most unusual pathway, involving hydroxylation of the 4 position followed by hydrolytic r i n g rupture. We P v e been able to precisely simulate this path using Z-His-OMe and the novel reagent 4-butyliodoxybenzene (ref . 5 ) . Interestingly, oxidation with Ru VIII generated the novel B-aspartoyl urea side chain, as a result of 2-hydroxylation and cleavage (Scheme 3 ) . Although A novel approach to protein engineering, that has been explored i n some detail, has as its basis, the oxidative transformation of coded amino acid side chains, since, as Table 1 The strategy here called for a common reagent that can effect, with ease, the oxidation of the recalcitrant Phe as well as the most susceptible Cys or Met and then to bringabout selectivity by control of the experimental protocol. Ru(VII1) generated i n situ and recycled u s i n g the auxiliary oxidizing agent, sodium metaperiodate, i n a two phase system, was used throughout.
As a result of extensive experimentation involving 13 of the individual N , C protected amino acids concerned (Gln and A s n i n addition to those indicated i n Table 1 ) a selection of dipeptides and some polypeptides, it was possible to arrive at a preference profile shown i n Table 2 .
We can thus control the oxidation of coded amino acid side chains from a profile of general reactivity to one specifically targeted to Trp. The oxidation of a number of peptides and proteins is planned and the outcome would be assessed from vantage of yields, purity, specificity, secondary structure retention and changes i n reaction profile.
Results thus far obtained i n t h i s phase, presented i n Table 3 , are encouraging. Table 3 The transformed melittin exhibits CD close to that of the parent, thus indicating retention of the secondary structure. Preliminary studies reveal that the ion conductance properties of the gramicidin, closely associated with its transport profile, are changed i n the transformed product (ref .
8).
The understanding and chemical simulation of non trivial post translational protein modifications would provide valuable leads to protein engineering. Most unusual amongst such changes is the hydroxylation of the unreactive 6 -methylene of lysine i n collagen causing age manifestation.
We envisaged the attachment of a 4-quinazoline pendant to the w-position of N,C-protected lysine, which is i n a peptide environment, thus enabling the functionalization of the unreactive position via a six membered transition state, followed by detachment of the pendant from the functionalized substrate (Scheme 5).
Compound (a) has been prepared. Whilst halogen exchange to (a) d i d not succeed, PhI(OAc)2 gave acetoxylated products.
Scheme 5 (5)
NaZ-Nu Quin LysOMe (R=-(CH2)2CH(NHZ) C02Me)
We here report the synthesis of the novel zinc template (I). The significance of such motifs i n DNA recognition is a very recent discovery ( r e f . 9 ) .
It is hoped that the attachment of (1) to proteins would give rise to new recognition systems. The preparation of (1) is illustrated i n Scheme 6. We have also found that such bridges could be snapped with silver carbonate supported on celite to two dehydroalanine u n i t s .
The generation of salt bridges, from neutral residues, u s i n g a combination of the degradative (PhI(TFA)2) and oxidative (RuVIII) methodologies presented here, is also under study.
